INTRODUCTION
Molecular techniques that profile individuals from a small amount of DNA have facilitated the use of engorged female mosquitoes, which may be crucial for solving some types of crimes. Mosquitoes (Culicidae) are a widely distributed source of human genetic material that can easily be found at crime scenes (Spitarelli, 2006) . Genetic profiles obtained from human blood found in the digestive tracts of mosquitoes, for example, can assist in the investigation of crimes committed in a closed environment (such as a room or vehicle; Spitarelli, 2006; Curic, 2014) . Comparison of the samples to the suspect's with a DNA database of criminals may also indicate whether a crime is a repeated offense (Wallace et al., 2014) .
Intrinsic features of the biology and behavior of mosquitoes are potential advantages to the use of these insects as forensic evidence. Different species are active at different times (morning, twilight, or night) as well as local feeding and resting (indoors, outdoors, and in forests) (Rozendaal, 1997; Mehlhorn, 2008; Takken and Verhulst, 2013) . Additionally, their propensity of eating quickly and remaining at the site Beier, 1996, 1997; Edman et al., 1998; Forattini, 2002) allows us to determine DNA profiles from the blood ingested by female mosquitoes, which facilitates identification of people present at the scene or may indicate whether a victim was at the crime scene.
Furthermore, females only stop feeding when the digestive tract is filled with blood, even if they have to feed on more than one host (Canyon et al., 1998; Forattini, 2002) . This characteristic is an additional advantage because it can result in more than one human DNA profile (Clayton et al., 1998; Gill et al., 1998; González-Andrade et al., 2006) by female mosquitoes that may have fed on the victim or criminal. Therefore, the links between the suspect, victim, crime, and/or crime scene can be achieved by analyzing mosquitoes (Curic et al., 2014) . In this study, we compared the profile of human DNA saliva with blood from the digestive tract of mosquitoes found in the same environment. We also investigated whether multiple feedings of a single mosquito, volunteer sex, and mosquito species would affect the genetic profiles of analyzed blood.
MATERIAL AND METHODS

DNA samples obtained from hematophagous mosquitoes
Hematophagous females were collected from student housing in Recife (Pernambuco, Brazil) called residential units (RUs) "A" and "B." RU "A" is composed of the first floor of a building, and RU "B" is a one-story house. Both RUs have several rooms and this structure is analogous to common home. Mosquitoes were mainly collected from common areas such as the TV room, study room, bathrooms, and kitchens. The RUs were chosen because we considered them to be similar environments to those in which indoor crimes are committed, and volunteers/residents represented possible suspects.
All mosquitoes found in RUs "A" and "B" were manually captured and placed in plastic pots and then sacrificed with chloroform to aid identification with a stereoscopic microscope (Olympus) using the Consoli and Oliveira (1994) and Forattini (2002) taxonomic keys. After these procedures, the mosquitoes were crushed in filter paper and left to dry for future genetic analysis, which is the same methodology that was followed by Spitaleri et al. (2006) .
Research on the biological reference samples was conducted only after authorization of the volunteers; the research was explained and the volunteer signed the informed consent form that gave permission to collect a buccal mucosa sample by wabbing the oral mucosa for further DNA examination (Sweet et al., 1997; Anzai-Kanto et al., 2005) . Genetic analyses were performed at Laboratório de Perícia e Pesquisa em Genética Forense (Secretaria de Defesa Social de Pernambuco/Brasil).
Reference samples
Genetic analysis was performed by comparative study of the alleles found in the electropherograms of volunteer buccal mucosa samples and human DNA found in the blood from the digestive tract of the hematophagous mosquitoes.
Human DNA extraction
The DNA extraction samples were extracted using the DNA IQ™ System kit (Promega, Madison, WI, USA) as recommended by the manufacturer.
Genetic analysis
DNA quantification was performed after DNA extraction with a Quantifiler ® Duo DNA Quantification kit (Applied Biosystems, Foster City, CA, USA) using the Real Time PCR ABI 7500 platform. Later, multiplex amplification was performed by PCR analysis using the AMPFlSTR Identifiler Plus ® PCR kit (Life Technologies; Carlsbad, CA, USA) following the manufacturer's protocols. Fifteen STR loci were analyzed (D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818, and FGA) in addition to a gender identification marker, amelogenin. PCRs were run for 28 amplification cycles for a total of 2 h, 28 min, and 5 s. Blank controls were used to detect possible contamination.
The amplification products were subjected to capillary electrophoresis with the ABI PRISM 3500HID automated sequencer (Applied Biosystems, Foster City, CA, USA). Data were analyzed using the GeneMapper ® ID-X Software. Non-nucleotide linkers, which are used in primer synthesis for the loci CSF1PO, D13S317, D16S539, D2S1338, and TPOX, allows for simultaneous amplification and efficient separation of the 15 STR loci and amelogenin during automated DNA fragment analysis in accordance with the manufacturer's protocols (Grossman et al., 1994; Baron et al., 1996; Butler, 2005) .
The entire protocol followed in this study is the same used by Laboratório de Perícia e Pesquisa em Genética Forense (Secretaria de Defesa Social de Pernambuco/Brasil) in the genetic routine analysis is related to traces of research reports of crime scenes.
Ethics approval
This study was approved by the Ethics Committee of Universidade Federal de Pernambuco (Recife/Brazil) under protocol No. 462/11.
Statistical analyses
The likelihood ratio between the questioned sample and the reference was calculated using the PATCAN v.1.2 software (Riancho and Zarrabeitia, 2003) using Bayesian analysis to test the hypothesis that blood found in an entomological trace belonged to a reference sample.
The likelihood ratio (LR) and posterior probability are measures of reliability; consequently, trace criminal evidence can be correlated with references, and the probability can be calculated that a genetic profile would be found in other individual in the population.
RESULTS AND DISCUSSION
In the present study, a total of 18 biological samples were collected from the oral mucosa of volunteers/residents from RU "A" (32.5ºC, 66% relative humidity) and nine samples were collected from the oral mucosa of volunteers/residents from RU "B" (34ºC, 56% relative humidity) for a total of 27 samples references. Twenty-six total female hematophagous mosquitoes (Diptera, Culicidae) were captured; 15 were from RU "A" and 11 were from RU "B." Identification revealed that we collected 13 Aedes aegypti individuals, 12 Culex quiquefasciatus individuals, and one Aedes albopictus individual; the mosquitoes collected from each RU included: seven Ae. aegypti individuals, seven Culex quinquefasciatus individuals, and one Ae. albopictus individual were collected from UR ''A'', and six Ae. aegypti individuals and five Cx. quinquefasciatus individuals were collected from UR ''B''. Although it is possible that the DNA will degrade, the consumption of blood by mosquitoes and use of PCR and STR techniques facilitated amplification, enabling interpretation and subsequent validation and confirming the previous results of Alaeddini et al. (2010) .
Of the 26 hematophagous mosquitoes, there were 11 samples ( Table 1) that would be considered viable trace samples, with amplification of the DNA visualized by the peaks in the electropherograms for profiles of 16 loci (Figure 1 ). Culicidae mosquitoes, including Ae. aegypti, Cx. quinquefsaciatus, and/or Ae. albopictus, were used to obtain viable profiles that could be used as a form of evidence for police investigation and judicial proceedings. Even with potentially degraded DNA, it was possible to obtain a number of suitable profiles with electropherogram analysis. Table 1 . Human DNA amplified from blood in the digestive tract of hematophagous mosquitoes.
Bayesian analysis was used for comparisons.*Distinct mosquitoes fed on the same individual; therefore, LR and posterior probability values are equal in the following analyzed mosquitoes: 4 and 8; 9 and 10. **A single mosquito fed on two female individuals. ***No comparative statistical analysis because of a lack of reference biological material. Electropherograms for amelogenin revealed five male and five female genetic profiles. In our study, mosquitoes equally preferred biting males and females; this contradicts the reports of Brouwer (1960) , Geier et al. (1996) , and Brady (1997) , who reported that Anopheles stephensi, A. aegypti, and Anopheles gambiae prefer males because of hormonal differences.
This study revealed that even a mixture of human DNA found in a single mosquito could be quantified. Therefore, when a crime occurs, a mosquito may bite the victim and suspect, because sometimes the victim is immobilized and thus would be easier to bite, and the human DNA profile could be accepted as expert proof.
Human DNA profiles from a single Ae. aegypti mosquito revealed a genetic profile mixture of two women (Figure 2) . Additionally, individuals of two different mosquito species (Cx. quinquefasciatus and Ae. aegypti) had blood supplied from a single individual (Figure 3) . Using 15 STR loci in addition to amelogenin, it was possible to identify the DNA profile of two women in the blood of a female mosquito. The Federal Bureau of Investigation (FBI) recommends a minimum of 13 STR loci for forensic applications (Budowle et al., 1998; Butler, 2005) . The authors Haned et al. (2015) reported success in separation and identification of DNA mixture profiles. This type of trace sample has an even greater potential contribution to forensic investigation, because a mosquito could feed on both the victim and offender and both DNA profiles can be analyzed.
DNA extracted from the blood of 11 mosquitoes (Table 1) was amplified and quantified, and the amount of human DNA varied between 0.028203 and 0.329996 ng/µL. Mosquitoes 4 and 8 fed on the same woman, and mosquitoes 9 and 10 fed on the same man; however, the quantity of DNA varied among all four mosquitoes (mosquito 4-0.043155 ng/µL; mosquito 8-0.304895 ng/µL; mosquito 9-0.329996 ng/µL; and mosquito 10-0.133783 ng/µL). Mosquito 3, which had a mixture of genetic profiles, had 0.058803 ng/µL human blood and fed on two separate women. Curic et al. (2014) described the possibility to quantify human DNA in all mosquitoes analyzed, which is an important factor when analyzing mosquitoes as forensic evidence. Genetic analysis revealed that it is possible to identify individuals at a crime scene based on the amount of DNA that can be found in mosquitoes collected from a crime scene, which can help save time and resources.
The lowest value observed was the LR of mosquito 6 with 8.43 x 10 18 ; this indicates that the likelihood of the genetic profiles of the reference sample obtained from volunteers and the trace sample of human blood found in the digestive tract of hematophagous mosquitoes at the scene of a crime is at least 8.43 x 10 18 greater than the chance the DNA came from another person in the population. The posterior probability values were very close to 100% for all samples.
Genetic analysis and interpretation of this kind of criminal evidence is assisted by statistical analysis using the LR (Weir et al., 1997; Hu et al., 2003; González-Andrade et al., 2006; Primorac and Schanfield, 2014) , which is the probability of association between possible trace samples (human blood found in the digestive tract of mosquitoes) and references samples. González-Andrade et al. (2006) , who reviewed cases of sex offenders and the resulting mixture genetic profiles, the calculation result of LR was one million, whereas the analysis of human blood hematophagous mosquitoes found in the lowest rate was LR approximately eight quintillion on a population; discriminating enough the association between the possible trace and reference samples. Posterior probability, which indicates the percentage of the genetic profile that would be different in any other individual in the population, the values were all close to 100% likelihood of the possible trace and reference samples, taking into consideration the hypothesis of this paper it is a similar environment to the site of closed crime.
CONCLUSIONS
This research confirms that it is possible to analyze human blood found in hematophagous mosquitoes as biological trace evidence and use it as expert evidence. This study revealed that correlation between the reference samples and blood from mosquitoes, regardless of mosquito species analyzed and sex of the individual, can be easily and reliably compared to the obtained laboratory profiles. This facilitates the use mosquitoes as an additional trace for possible biological evidence in closed environments in which crimes were committed. The results of this study also indicate the possibility of identifying DNA profiles from different individuals in the blood mixture of a single female mosquito.
